I. The body composition was determined of forty-one foetuses of different gestational ages born to mothers belonging to a low socio-economic group of the population.
Satisfactory growth and development of the foetus may be expected to depend to a great extent on the diet and nutritional status of the mother. The chemical composition:of the human foetus at different stages of gestation will provide base-line information not only on the chemistry of growth and development but also on the effects of maternal malnutrition on the body composition of the growing foetus.
While there is a good deal of information about the anthropometric measurements of the-human foetus at varying gestational periods, information on the body composition at different stages of intra-uterine growth i s limited. It is perhaps surprising that reported information on such a vital aspect of chemical development in utero is restricted to about only 120 foetuses; of these, about fifty were analysed around AD 1900. Since information regarding the source of this material was not clearly indicated, Kelly, Sloan, Hoffman & Saunders (1951) , in their review, have questioned the validity of these findings. More recent results are available for about seventy foetuses, which have been analysed for various body constituents (Givens & Macy, 1933 ; Iob & Swanson, 1934; Widdowson & Dickerson, 1964) . Information on the total body iron content of twenty-five foetuses has been reported by Widdowson & Dickerson All these reports are from Europe and America and it may be presumed that the foetuses were born to well-nourished mothers. There are virtually no values for the body composition of foetuses born to mothers of the low socio-economic group whose dietary intake during pregnancy is far from satisfactory and among whom signs of malnutrition are frequently observed. The results of an investigation in which the body (19441- 
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composition and mineral stores were determined in forty-one human foetuses of such malnourished mothers are presented here.
MATERIALS A N D METHODS
Twenty-three immature foetuses of varying gestational ages and eighteen full-term infants born to mothers attending the Niloufer Hospital, Hyderabad, were obtained. The mothers belonged to the poor groups of the population, the family income generally being less than Rs. 150 per month. These women were similar to those studied earlier by Venkatachalam (1962), who had reported that they were undernourished, having a mean body-weight of about 42 kg. They had clinical evidence of varying degrees of calorie and protein deficiency, vitamin B-complex deficiency and hypovitaminosis A. A mild to moderate anaemia was widely prevalent. The mean daily intakes of calories and protein were estimated to be 1400 kcal and 40 g respectively. The intake of other nutrients was found to be grossly inadequate. Most of the women had not received any antenatal care. The gestational age was arrived at from information about the last menstrual period and may therefore be considered as approximate, the variation, however, being not greater than 7 d. Body-weights of the infant have therefore been used as a reference standard for expressing body composition.
Twenty-nine foetuses were stillborn and twelve were born alive but expired within 24 h. In sixteen the cause of stillbirth was either prepartum haemorrhage, eclampsia or compound presentation; in the other thirteen no cause could be detected.
Preparation and analytical methods
All the foetuses were preserved at 4 O before autopsy, which was usually performed within 6-8 h of death. They were dissected to small pieces in an aluminium tray to prevent loss of blood. The liver was removed, washed and analysed separately (Iyengar & Apte, 1972). The dissected foetuses were dried in a hot-air oven at 90-100~ for 15-20 d. The whole dried foetus was powdered in small quantities at a time in a glass mortar and pestle. All the powdered lots were thoroughly mixed and stored dry at room temperature. Duplicate samples of 5-10g of the whole carcass powder were initially used for determination of fat. Samples of fat-free powder were used for determination of nitrogen, calcium, phosphorus, magnesium and iron.
Fat was determined by ether extraction in Soxhlet's apparatus for 16 h. N was determined by the micro-Kjeldhal method with aeration into boric acid and tritation (Oser, 1965 
VOl. 27
Composition of the human foetus 307
RESULTS
The results are presented in Tables 1-3 and are compared with those reported by Widdowson (1968) in Table 4 .
Water, protein and f a t Foetal body-weight, fat and protein concentration increased, and water concentration decreased with increasing time of gestation. The concentrations of water, fat and protein ( Y ) in the developing foetus were significantly correlated with body-weight (x), the regression equations being Water: Y = 9 1 y -o -0 0 5 9~ ( r = -0-8581)***;
Fat: Y = 0.0049x-2*25 ( r = +0*3338)*; Protein: Y = 7~33+0~00078x ( r = +e3338).* * P < 0.05; *** P < 0'001.
There was a progressive fall in the concentration of water with increasing bodyweight. The water content (g/Ioo g wet weight) of the smallest foetus, weighing 0.23 kg, was about 93%, whereas that of the foetus weighing 3-3 kg was about 72%.
Body water expressed as a percentage of lean body mass fell from 91 % to about 84% when the weight was about 3-3 kg. Fat constituted 0.3 g/Ioo g body-weight at 0.23 kg and 16 g/Ioo g at 3.3 kg body-weight. The protein concentration increased from a mean of 6.9 g/Ioo g at gestational age below 28 weeks to 9.3 g/Ioo g at term. There appeared to be no significant difference in this respect between foetuses of different body-weights at term. Similarly, the percentage of fat increased progressively from some 2.1 g/Ioo g below 28 weeks to 5.6 g/Ioo g at term in foetuses whose bodyweights were below 2-25 kg and to I 1.2 g/Ioo g in foetuses whose body-weights were above 2-25 kg.
Ca, P and Mg
A steady increase in the absolute amounts of Ca, P and Mg was observed with increasing body-weight, the total amounts at 3.3 kg body-weight being fourteen and fifteen times that of the foetus weighing 0'34 kg (Table 3) . On a fat-free basis the percentage also increased, the concentration of Ca at term being little less than twice, and that of P being about 1-7 times, that found in a foetus weighing 0'34 kg. The Mg concentration steadily increased up to a body-weight of 1.70 kg and thereafter remained stationary. The Ca:P ratio remained relatively constant within a range of 1-6-2.1 at different body-weights.
Fe
The total amount of Fe in the foetuses at different body-weights is shown in Fig. I . The increase in the absolute amount of Fe showed a linear relation with body-weight. The concentration of Fe per IOO g fat-free body-weight, however, increased only slightly, from 5-3 mg at 0.23 kg body-weight to 6.4 mg at 3.3 kg. There were wide variations among the values at any one body-weight. Fat ( +** P < 0'001.
D I S C U S S I O N
With increasing body-weight one of the striking changes in the body composition was the decrease in water content, both in relation to total body-weight and in relation to fat-free body-weight, A similar but more marked decrease in water content has been reported by Widdowson & Spray (1951) in foetuses in the United Kingdom.
T h e fat content of foetuses studied here was similar to that of those studied by
Widdowson & Spray (1951) at all weights. I n fact, in foetuses of 40 weeks gestation weighing 2-50 kg, the fat content was slightly higherthanthat reported by Widdowson & Spray (195 I ) for foetuses of similar weight, but of only 35 weeks gestation. It is possible that this difference is an expression of foetal maturity. The results of the present investigation indicate that the amount of fat deposited in the developing foetus is more closely related to body-weight than to period of gestation. T h e low fat content of foetuses studied here may be a reflection of the low body-weight. T h e percentage of fat in foetuses at term studied here is similar to that reported by Shohl (1939) .
The N content of foetuses at all body-weights was distinctly lower than that observed by Widdowson & Spray (1951) . At about 20 weeks of gestational age, foetuses analysed here contained 0.7 g/Ioo g as compared with 1-3 g/Ioo g reported by Widdowson & Spray (195 I) . However, during the last 20 weeks of development an increment of I g/Ioo g in N content was observed in both studies. The results could be interpreted as indicating that, in the initial phases of development, foetuses in the present study had more water and less protein, but similar amounts of fat compared with those studied by Widdowson & Spray (1951). Examination of our results and those of Widdowson & Spray (1951) indicates that, in both series, with the development of VOl. 27 Composition of the human foetus 311 the foetus the protein and fat content increased almost similarly. However, it would appear that the water content decreased at different rates in the two series.
Total Ca and P contents of the foetuses were similar to reported values up to a body-weight of 2 kg. However, foetuses of body-weight greater than 2 kg tended to have slightly smaller amounts of Ca and P than those of Widdowson (1968) . T h e total Mg content of Indian foetuses was lower by 6-90/;, than that of Western foetuses at each body-weight.
There were wide variations in the total Fe content of foetuses of the same weight, an observation similar to that reported in the literature (Widdowson & Spray, 1951) . The total Fe content of foetuses in the prcscnt study, however, was significantly lower than that of Western foetuses at all weights. This was also true of the concentration of Fe/Ioo g fat-free weight.
On the basis of body-weight, at 26-28 weeks of gestational age the foetuses in this series were similar to those from the West, but beyond this period there appeared to be a definite lag in body-weight of roughly 3-5 weeks. It may, however, be considered significant that, even when the body-weights were similar, their composition was slightly different, there being a marked deficit in the protein and Fe contents. The total protein content was lower by 8 yo in the earlier stages and by as much as 23 yo in the later stages of development. Similarly the Fe content was lower by 20% at all stages. I n our series the fat contents of foetuses weighing I and 1.5 kg were 26 g and 75 g respectively. The lower fat content ( 1 0 g and 35 g) of British foetuses of similar body-weight (Table 4) is intriguing, since Widdowson (1968) in the same paper had observed that the percentage of fat at a body-weight of 1-2 kg and foetal age of 28 weeks was about 3.5 %.
It is dficult to explain the low amounts of protein in the foetuses of the present study. It may be a reflection of the poor nutritional status of the mother. The low Ca and Fe contents may again perhaps be due to inadequate intake of these nutrients by the pregnant mothers.
